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Researching the correlation between deep well 
injections and the intensities and frequencies of  
earthquakes can help us better understand not only 
how but where the ground is fracturing. This research 
will also help us better understand where unidentified 
faults are located and how to more easily identify them 
prior to drilling the injection wells. By bringing 
attention to these faults, we can avoid placing deep 
injection wells around them to limit induced seismicity. 
This can also help us learn how to better utilize the 
Ohio’s subsurface for deep well injection and storage.  
Hydraulic fracturing, also known as fracking, is the 
process in which a solution, consisting of  sediments 
and chemicals, is injected below the crustal surface at 
high pressures to break up rock and enhance natural 
gas and oil production. This process produces brine 
waste water, which is then injected deep into the 
earth’s crust for disposal. There are currently 10 
active injection wells in Ohio.  The Northstar 1 deep 
injection well in Youngstown, Ohio became 
operational in January 2011 and just three months 
later in March 2011, the first induced earthquakes 
occurred. After the 10th earthquake in a matter of  
months, the well was voluntarily shut down. The 
shutdown was followed days later with a magnitude 
4.0 earthquake on December 31, 2011.   
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(Above) These charts are called seismograms. The P waves (compressional body 
wave) and S waves (shear surface wave) are labeled on each. Between these three 
stations we can determine where an epicenter is located.  
(Top Left) This is a map displaying epicenters from the time of the Northstar 1 injection well 
going operational to the time it was shut down, with the dates labeled beside each epicenter 
point. (Top Right) This is a diagram of a typical injection well, also with another diagram 
displaying the general location of the earthquake activity and the injection well.  
(Above) This is an intensity map. This displays the reported intensity of the 4.0 
Youngstown earthquake felt by people, and the areas that were affected by the 
earthquake. Based on the Modified Mercalli Scale.  
(Above) This is a fault map of Ohio. This map will be able to help us understand where 
possible hazard areas would be, such as in the cases of waste water injection.   
(Above) Using the information from each of the station’s seismograms (Bottom Left), This 
location map indicates where the epicenter is located by where the three intersect.  
Research was completed through studying Ohio’s 
geological history, the stratigraphy of  eastern Ohio, 
and articles collected from newspapers and the 
scientific literature on the geology of  Youngstown 
and its utility for deep well injection and storage.  
The Youngstown M4.0 earthquake of  December 
31, 2011 resulted from the injection of  waste 
water produced by fracking.  Despite public 
opinion that views fracking as the main cause of  
the enhanced seismicity in the Youngstown area, 
the real culprit appears to have been the disposal 
of  the waste water under pressure. 
(Left) This is a diagram of a typical 
Class II Injection Well. As you can 
see, it breaks down how the system 
is constructed through some of the 
major layers, including our aquifer, 
the shale layers, and the injection 
zone. Along the right side of the 
diagram you can see that it is also 
measured in feet.   
(Below) This is a map of the Class II 
Brine Injection Wells in Ohio.  
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(Top left) This is a population table based on the Modified Mercalli Scale indicating 
the level of intensity each of the cities experienced for the M4.0. (Top Right) This is 
a seismic hazard map conducted by USGS for the M4.0. 
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